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ABSTRACT
Context. The open cluster (OC) NGC 2453 is of particular importance since it has been considered to host the planetary nebula (PN)
NGC 2452, however their distances and radial velocities are strongly contested.
Aims. In order to obtain a complete picture of the fundamental parameters of the OC NGC 2453, 11 potential members were studied.
The results allowed us to resolve the PN NGC 2452 membership debate.
Methods. Radial velocities for the 11 stars in NGC 2453 and the PN were measured and matched with Gaia data release 2 (DR2) to
estimate the cluster distance. In addition, we used deep multi-band UBVRI photometry to get fundamental parameters of the cluster
via isochrone fitting on the most likely cluster members, reducing inaccuracies due to field stars.
Results. The distance of the OC NGC 2453 (4.7 ± 0.2 kpc) was obtained with an independent method solving the discrepancy reported
in the literature. This result is in good agreement with an isochrone fitting of 40-50 Myr. On the other hand, the radial velocity of
NGC 2453 (78 ± 3 km s−1) disagrees with the velocity of NGC 2452 (62 ± 2 km s−1). Our results show that the PN is a foreground
object in the line of sight.
Conclusions. Due to the discrepancies found in the parameters studied, we conclude that the PN NGC 2452 is not a member of the
OC NGC 2453.
Key words. open clusters and associations: general– planetary nebulae: general – Catalogs.
1. Introduction
The planetary nebula (PN) / open cluster (OC) pair
NGC 2452 / NGC 2453 has been widely studied, and the membership
of the PN to the stellar cluster has been heavily contested. The mea-
surements of both distance and age of the cluster (α2000 = 07h47m36s.7,
β2000 = −27◦11′35′′) in the literature have not reached an agreement.
The early photometric study and main sequence (MS) fit of 21 cluster
stars by Moffat & Fitzgerald (1974, hereafter MF) established a
distance of d ∼ 2.9 kpc and an age of τ ∼ 40 Myr. Other studies
approximately agreed, proposing cluster distances in the range d
≈2.4-3.3 kpc (Glushkova et al. 1997; Hasan et al. 2008), while Gathier
et al. (1986) obtained almost twice the distance value (5.0±0.6 kpc) via
Walraven photometry on five stars previously reported as members by
MF. Later, Mallik et al. (1995) revealed a deeper MS of the cluster by
means of BVI photometry. These latter authors determined a distance
of about d ≈ 5.9 kpc, with a mean age of τ ≈ 25 Myr, but they also
showed that the best fit depended on which stars were considered
? Based on data collected at the 2.5m duPont telescope located at Las
Campanas Observatory, Chile (program ID CHILE-2013A-157)
cluster members. In fact, the line of sight to the PN/OC pair is highly
contaminated by field stars belonging to the Puppis OB associations and
the Perseus arm (Peton-Jonas 1981; Majaess et al. 2007). This complex
mix of different stellar populations in the color-magnitude diagram
(CMD) inevitably adds uncertainty to the results of an isochrone fit,
which could be easily affected by field stars.
NGC 2452 (α2000 = 07h47m26s.26, β2000 = −27◦20′06′′.83) is a mas-
sive PN (Cazetta & Maciel 2000), whose progenitor must have been
an intermediate-mass MS star close to the upper limit allowed for PN
formation. This is consistent with the ∼ 40 Myr age of NGC 2453 pro-
posed by MF and Moitinho et al. (2006), which implies a turnoff mass
of ≈7 M. The cluster age is an important parameter to discard mem-
bership to young OCs because evolved stars in clusters younger than
∼30 Myr are thought to end as type-II supernovae rather than form-
ing a PN (see Majaess et al. 2007; Moni Bidin et al. 2014, hereafter
MB14). Distance estimates for this PN can also be found in the liter-
ature, from 1.41 kpc, passing through 2.84 kpc, to 3.57 kpc (Khromov
1979; Stanghellini et al. 2008; Gathier et al. 1986, respectively, among
others). The value obtained by Gathier et al. (1986) (d = 3.57±0.5 kpc)
from a reddening-distances diagram was very different from the clus-
ter value derived from zero-age MS (ZAMS) fitting in the CMD and
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two-color diagram (TCD, ∼5 kpc). However, their estimate of the PN
reddening (EB−V = 0.43 ± 0.5) roughly matched the literature value for
the cluster, which is in the range ∼0.47-0.49 (Moffat & Fitzgerald 1974;
Gathier et al. 1986; Mallik et al. 1995).
The association between NGC 2453 and NGC 2452 has been pro-
posed and studied by many authors, in light of their angular proxim-
ity in the sky (angular separation ∼ 8′.5) and the data available (see,
e.g., MF, Gathier et al. 1986, Mallik et al. 1995, MB14). Nevertheless,
the results have not been conclusive. Moffat & Fitzgerald (1974) found
coincidences between the radial velocity (RV) of the PN measured by
Campbell & Moore (1918, 68 km s−1) and that of an evolved blue gi-
ant star in the cluster (67±4 km s−1). Subsequent measurements yielded
consistent RVs for the PN in the range ∼62-68 km s−1 (Meatheringham
et al. 1988; Wilson 1953; Durand et al. 1998). Nevertheless, Majaess
et al. (2007) advocated additional observations needed to evaluate po-
tential membership. MB14 recently studied the RV of ten stars in the
cluster area, supporting the cluster membership of NGC 2452. However,
they claimed that their result was not definitive, because the identifica-
tion of cluster stars was problematic.
In this work, we have adopted the methodology followed by MB14
and expanded the sample to 11 potential members to assess the member-
ship of NGC 2452 to NGC 2453 via RV measurements on intermediate-
resolution spectra. In addition, deep UBVRI photometry was paired
with data from Gaia’s second data release (DR2, Gaia Collaboration
et al. 2018) to revise the cluster distance and to accurately determine its
fundamental parameters.
2. Observations and data reduction
2.1. Spectroscopic data
The intermediate-resolution spectra of 11 bright stars of NGC 2453
were collected on April 18, 2013, during one night of observations at
the duPont 2.5m telescope, Las Campanas, Chile. The targets were se-
lected on the IR CMD based on 2MASS data, prioritizing the brightest
stars next to the cluster upper MS. The SIMBAD names and 2MASS
photometry of the targets are given in Table 1. The 1200 line/mm grat-
ing of the B&C spectrograph was used with a grating angle of 16◦.67
and a 210µ slit width, to provide a resolution of 2 Å (R=2200) in the
wavelength range 3750-5000 Å. Exposure times varied between 200
and 750s, according to the magnitude of the target. A lamp frame for
wavelength calibration was collected regularly every two science spec-
tra during the night.
The spectra were reduced by means of standard IRAF routines. Fig-
ure 1 shows some examples of the final result.The resulting S/N for the
selected targets was typically S/N=80–120. Non-target stars fell regu-
larly in the slit in almost all exposures, because both the OC and the
surrounding low-latitude Galactic field are very crowded. Their spec-
tra were reduced and analyzed in the same way as those of our targets,
but the resulting spectra were of much lower quality (S/N≈10–30). We
hereafter refer to “target” and “additional” stars, to distinguish between
the selected objects and the stars that fell by chance in the spectrograph
slit.
During the same run, we collected three spectra of the PN
NGC 2452. The first one was acquired centering the slit at the optical
center of the nebula, where a bright spot was seen. The second and third
spectra focused on the northern and southern regions, respectively. The
reduction of these data proceeded as in the case of cluster stars, but the
frames of a bright RV standard star were used during extraction to trace
the curvature of the spectra on the CCD. The PN is an extended ob-
ject, and its spectrum covered several pixels in the spatial direction. We
performed both a narrow (8 pixels, ∼ 5′′) and a wide (20 pixels, ∼ 65′′)
extraction for the northern and central spectra, but only a narrow extrac-
tion for the southern one because the flux was too faint outside ±4 pixels
from the center.
3800 4000 4200 4400 4600 4800 5000
Wavelength [Å]
MSP 111
MSP 204
MSP 74
TYC 6548-790-1 
(T)
(A)
(A)
(T)
Fig. 1. Examples of reduced spectra. The wavelength intervals used in
RV measurements are shown as horizontal lines. The spectra are labeled
as T and A for ‘target’ and ‘additional stars’, respectively. The spectra
have been shifted vertically to avoid overlap.
2.2. Photometric data
Our study is based on the optical UBVRI photometric catalog presented
by Moitinho (2001). The data were acquired in January 1998 at the
CTIO 0.9m telescope, with a 2048 × 2048 Tek CCD, with a resulting
0′′.39 pixel scale and a 13′ × 13′ useful field of view. The frames were
processed with standard IRAF routines, and the shutter effects were cor-
rected applying a dedicated mask prepared during the reduction. We re-
fer to Moitinho (2001) for a very detailed presentation of observations
and data reduction.
2.3. Gaia distances
Parallaxes and proper motions for program stars were obtained from
the Gaia DR21 catalog. We added +0.029 mas to all Gaia parallaxes, as
advised by Lindegren et al. (2018), to account for the zero-point offset
reported by Lindegren et al. (2018) and Arenou et al. (2018). Following
the guidelines of Luri et al. (2018), we employed a Bayesian method
to infer distances from parallaxes through a model error and a priori as-
sumption. Because the fractional errors on parallax are fω = σ/$ ≤0.24
most program stars, we used the exponentially decreasing space den-
sity function (EDSD) as a prior, as described by Bailer-Jones (2015). A
complete Bayesian analysis tutorial is available as Python and R note-
books and source code from the tutorial section on the Gaia archive2.
Proper motions and distances computed from Gaia DR2 parallaxes are
shown in Table 1. Upper and lower indices correspond to maximum and
minimum distances in the error interval, respectively.
3. Measurements
3.1. NGC2453: radial velocities
Radial velocities of program stars were measured using the Fourier
cross-correlation technique (Tonry & Davis 1979) via fxcor IRAF task.
The center of the correlation peak was fitted with a Gaussian profile. A
grid of templates was prepared with synthetic spectra of solar metallic-
ity drawn from the Coelho (2014)3 library. The grid spanned the range
from 375 to 500nm in step of 0.02 Å, covering 3000 ≤ Teff ≤ 26000 K
and 2.5 ≤ log g ≤ 4.5, in steps of 2000 K and 0.5 dex, respectively.
Most of the targets were better cross-correlated with the template at
1 Gaia Archive: https://gea.esac.esa.int/archive/
2 https://github.com/agabrown/astrometry-inference-tutorials/
3 http://specmodels.iag.usp.br/
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Fig. 2. Reduced spectrum of the PN NCG 2452. The flux was normal-
ized to the height of the Hβ line.
Teff=22000 K, log g = 4.5, except for MSP 211 and NGC 2453 16,
which required a cooler model (6000 and 10000 K, respectively), and
the red giant TYC 6548-790-1, for which the correlation height was
maximized at Teff = 4000 K and log g = 2.5. Moni Bidin et al. (2011)
and Morse et al. (1991) showed that the exact choice of the template
does not introduce relevant systematic error, although a mismatch be-
tween the target and the template spectral type can increase the resulting
uncertainties.
The RV of hot stars was eventually measured with a CC restricted
to the dominant Balmer lines (see MSP 111 in Fig. 1), that is, in the in-
tervals 4840−4885 Å (Hβ), 4315−4365 Å (Hγ), 4075−4125 Å (Hδ),
and 3760 − 3995 Å (H to H12). The lines with hints of core emissions,
namely Hβ and Hγ in MSP 74 were excluded from the CC. Spectral fea-
ture analyses for cold stars demanded more care. While they were bright
stars, the low resolution blended the closest features (see TYC 6548-
790-1 spectrum in Fig. 1), although the stars were bright and the noise
was not the dominant source of uncertainties in the optical range. Never-
theless, these stars were faint in the blue-UV edge of our spectra, where
the camera was also less efficient (QE of 55% at 3500 Å against 80%
at 4000 Å). In order to avoid possible sources of systematic error at
the CCD borders, we measured the RVs using the wavelength interval
4000 − 4800 Å. The central peak of the CCF was higher than 0.95 for
the target stars, indicating a high degree of similarity with the adopted
template, except for TYC 6548-790-1, for which it reached 0.82 only.
All RVs were measured relative to the solar system barycenter.
Zero-point corrections were made using three standard stars of spec-
tral types K and G (Chubak et al. (2012)) treated in the same way as the
cold stars described above. We found an average zero-point correction
of −9±2 km s−1. The results are reported in Table 1. The final error was
obtained as the quadratic sum of the most relevant sources of uncertain-
ties, namely the measurement error obtained in the CC procedure, the
zero-point correction uncertainty, and the wavelength calibration error
(although this last resulted negligible).
Radial velocity measurements were performed on both targets and
additional stars. However, the results for the latter are not reliable, be-
cause the random location of their PSF centroid in the spectrograph
slit could easily have introduced a large systematic uncertainty on their
RVs. In fact, the target stars MSP 132 and MSP 85 showed a very differ-
ent RV when they fell as additional objects in other frames, and the two
measurements of the additional star 2MASS J07473034-2711464 differ
noticeably (see Table 1). Hence, we report the results for all measure-
ments, but exclude the additional stars from the RV analysis.
3.2. NGC2453: temperature and gravities
The fundamental parameters (temperature, gravity, and rotation veloc-
ity) of the most likely cluster members (see section 4) were measured as
Fig. 3. Radial velocity distribution for program and target stars of
NGC 2453.
in Moni Bidin et al. (2017), by means of the routines developed by Berg-
eron et al. (1992) and Saffer et al. (1994), as modified by Napiwotzki
et al. (1999). Briefly, the available Balmer and He lines were fitted si-
multaneously with a grid of synthetic spectra obtained from model at-
mospheres of solar metallicity, computed with ATLAS9 (Kurucz 1993).
The stellar rotation projected along the line of sight, v sin i, is not a fit
parameter but an input quantity of the routines. It was therefore varied
manually until finding the value which returned the solution with the
lowest χ2. The results are given in Table 2, along with the photometric
data of the targets from our optical photometry. The algorithm does not
take into account possible sources of systematic error, such as the flat
fielding procedure, the continuum definition, and the spectrum normal-
ization. Hence, the errors returned by the routine were multiplied by a
factor of three to derive a more realistic estimate of the uncertainties
(see, e.g., (Moni Bidin et al. 2017)).
The stellar temperature is mainly derived from the relative inten-
sity of the Balmer lines, which is well measured in our spectra. On the
contrary, surface gravity is estimated from the width of these features,
but the method was insufficient to properly resolve its effects. In fact,
we found a general underestimate of log g by about 0.2 dex when com-
pared to expectations for MS objects (log g ≈4.2), possibly due to the
combination of a low spectral resolution and unresolved effects of stel-
lar rotation. However, Zhang et al. (2017) suggested that the method
might be underestimating the surface gravity of MS stars by ∼0.1 dex
even at very high spectral resolution.
3.3. NGC2452: radial velocity
The spectrum of NGC 2452 is shown in Fig. 2. Bright emission lines
of [OII] (3727 Å), [NeIII] (3967 Å, 3869 Å), HeII (4686 Å), and the
Balmer lines Hβ (4861 Å), Hγ (4340 Å) and Hδ (4102 Å) can be eas-
ily identified. For a more detailed description of NGC 2452 spectra in
different locations we refer the reader to Table IV in Aller & Czyzak
(1979).
The RV of the PN was measured by CC with a synthetic spectrum.
This was built adding up Gaussian curves with widths and heights equal
to the observed features, but centered at the laboratory wavelengths
taken from NIST Atomic Spectra Database Lines Form4. The reduc-
tion returned five spectra for NGC 2452, namely a wide and narrow
extraction for both the northern and the central regions, and a narrow
extraction for the southern one. The measurements were repeated inde-
pendently for the five spectra, to verify if the results could be affected
by the internal kinematics of the nebula. We did not detect any sys-
tematic error between the spectra beyond fluctuations compatible with
observational errors. The final estimate was obtained from the average
4 https://www.nist.gov/pml/atomic-spectra-database
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Fig. 4. Proper motion of stars within 2′.5 of the NGC 2453 center (gray
points), from the Gaia DR2 catalog. The open red circles and black
squares show the position of the target and additional stars, respectively.
The triangle indicates the MF54 star.
of these measurements, and is reported in Table 3 along with previous
values from the literature. Our final result is RV=62±2 km s−1, in good
agreement with the weighted mean of literature results of 65±2 km s−1.
4. Results
The RV distribution of our program stars is shown in Fig. 3, while the
proper motions drawn from the Gaia DR2 catalog are plotted in Fig. 4.
Almost half of the RVs are comprised between 60 and 90 km s−1, where
previous estimates of the cluster RV are found (MF; MB14), while
most of the program stars in the proper motion diagram cluster around
(µα cos δ, µδ) ≈ (3.5,−2.5) mas yr−1. The distances derived from Gaia
parallaxes are also listed in Table 1, and they are in the range 4.2-5.4 kpc
for most of the targets.
The very high RV (103±5 km s−1) and small distance (1.21.21.1 kpc) of
the star MSP 57 indicate that this is probably not a cluster member. The
targets NGC 2453 16 and MSP 211 are also suspected to be field stars
due to their low RV (RV=16±2 and 18±8 km s−1, respectively), and for
the former this conclusion is reinforced even by a discrepant distance
and proper motion. In addition, NGC 2453 55 lies far from the bulk of
our sample in the proper motion plot, although its RV is compatible
with it, and its uncertain distance does not provide additional informa-
tion. These four stars were therefore labeled as “non-member” (NM)
in Table 1, and excluded from further analysis. We are thus left with
seven stars whose RVs, distances, and proper motions are very consis-
tent, and these are considered “Most Likely Members” (MLM). Their
RV distribution is shown with a vertically striped area in Fig. 3.
The RVs of stars in the field of NGC 2453 were previously mea-
sured by MB14 using CCF from the Hα line. The authors estimated
RV=73±5 and 66±8 km s−1 for TYC 6548-790-1 and MSP 111, re-
spectively, in agreement with this work despite the large uncertainties.
On the other hand, their result for MSP 57 (RV=70±9 km s−1) dis-
agrees with ours. The authors considered this star as a probable clus-
ter member, but new data from Gaia DR2 locate it at about 1.2 kpc,
too close for an association with the cluster, and its membership is
not supported. On the other hand, MB14 classified the star MSP 159
as a nonmember, because its proper motion from the PPMXL catalog
(Roeser et al. 2010) was clearly offset from the bulk of their sample.
However, the accurate measurements from the Gaia DR2 catalog indi-
cate a proper motion consistent with MLM stars, along with compatible
RV and distance. Regarding the red giant star TYC 6548-790-1, Mer-
milliod et al. (2001) and Gaia DR2 obtained RVs of 85.2 ± 0.3 km s−1
and 85.5 ± 0.3 km s−1, respectively, in good agreement with ours. We
added the star NGC 2453 54 (hereafter MF 54) to our sample both in Ta-
ble 1 and Fig. 4, although its RV was measured by Moffat & Fitzgerald
(1974) but not by us. We return to this object in Sect. 5.
Finally, the RV of NGC 2453 was computed using target stars la-
beled as MLM. We found a weighted mean of RV=78±3 km s−1, where
the uncertainty is the statistical error on the mean. Table 3 compares our
result with those available in the literature and reveals that our estimate
differs from previous ones. These latter however were obtained from
only one or two stars, whose cluster membership was inevitably uncer-
tain. Our result, on the contrary, is based on a sample of seven stars with
consistent RVs, proper motions, and parallax-based distances.
From the Gaia measurements for our program stars, the cluster dis-
tance and proper motion can also be estimated. Despite the large er-
rors on distances, the modal values of all MLM stars are close each
other and they differ less than their respective uncertainties, suggest-
ing that the latter could have been overestimated. We adopted the
weighted means of MLM stars and the respective errors-on-the-mean
as best estimates of the cluster value and their uncertainties, respec-
tively, obtaining d = 4.7 ± 0.2 kpc, µα∗ = −2.30 ± 0.04 mas yr−1, and
µδ = 3.47 ± 0.03 mas yr−1.
4.1. Fundamental parameters
NGC 2453 has a great record of observations, but its fundamental pa-
rameters have proven difficult to establish, in part because of the com-
plex mix of stars at different distances and reddening lying along the
line of sight.
In this work, we overcame the problems of field contamination es-
timating the cluster distance from the parallax-based Gaia distances of
spectroscopically confirmed members. With this information, we can
thus determine the age and reddening of the system from isochrone fit-
ting of our UBVRI photometry, relying again on the constraints pro-
vided by the Gaia database and our spectroscopic results. PARSEC +
COLIBRI isochrones (Marigo et al. 2017) were used in this process.
The upper panels of Fig. 5 show the V − (B − V) CMD and the
(U − B) − (B − V) TCD of the cluster area. MLM stars have been de-
picted as black circles. The TCD (top-right panel) reveals the presence
of at least two groups of stars with very different reddening. To identify
the cluster sequence, we selected stars with Gaia proper motion within
2σ of the cluster value (identified as the mean of the MLM stars in
Table 1), with proper motion error lower than 0.1 mas yr−1, and Gaia
distance close to d = 4.7± 0.2 kpc. These stars are depicted in Fig. 5 as
open circles. To identify foreground stars, we also selected those whose
distance confidence interval had an upper edge (upper index in Table
1) lower than 3.5 kpc, and we indicated them with black dots in the
diagrams. Indeed, most of these stars are better described by a less red-
dened sequence than the bona-fide cluster members (open circles), al-
though a few field stars might still be contaminating the latter sample.
The brighter MLM stars and the additional open circles thus identify
the cluster loci in the TCD.
The intrinsic theoretical isochrone is shown in the TCD of Fig. 5
as a black solid curve, while the red one indicates the same model af-
ter applying the final reddening solution. The triangles on the intrin-
sic isochrone correspond to the points at the same temperature range
as our spectroscopic estimates for MLM stars (see Table 2), that is,
log(Teff) = [4.23, 4.25].
We determined the color excesses EU−B and EB−V from the differ-
ence of the average color index for MLM stars (black circles), and for
isochrone points at the same temperature (black triangles). We thus de-
rived the slope EU−B/EB−V of the reddening vector in the TCD. The
bottom-right panel of Fig. 5 shows a zoomed region of the TCD, fo-
cused on the MLM stars, where it appears clear that three MLM stars
(namely MSP 111, MSP 112 and MSP 132) are found at redder col-
ors than the others, possibly due to stellar rotation effects (Bastian &
De Mink 2009) or the presence of a cooler companion (Yang et al.
2011). Table 2 shows that these stars as indeed fast rotators. As a conse-
quence, only the slow-rotating MLM stars were used in the process. We
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Table 1. Photometric data, radial velocities, and distances of the program objects.
Name Type
J
(mag)
J-H
(mag)
µ†
α∗
(mas yr−1)
µ†δ
(mas yr−1)
RV
(km/s)
Distance
(kpc)
Note‡
TYC 6548-790-1 T 6.73 ± 0.02 0.85 ± 0.06 −2.33 ± 0.04 3.40 ± 0.05 80 ± 10 5.2 6.24.4 MLM
MSP 111 T 11.81 ± 0.02 0.10 ± 0.05 −2.35 ± 0.04 3.41 ± 0.05 69 ± 4 5.4 6.54.6 MLM
MSP 112 T 12.28 ± 0.03 0.12 ± 0.06 −2.38 ± 0.04 3.39 ± 0.04 89 ± 6 4.6 5.44.0 MLM
MSP 126 T 12.28 ± 0.02 0.09 ± 0.05 −2.18 ± 0.04 3.64 ± 0.04 89 ± 7 4.2 4.73.7 MLM
MSP 159 T 12.13 ± 0.03 0.09 ± 0.06 −2.41 ± 0.05 3.48 ± 0.05 88 ± 8 4.4 5.33.8 MLM
MSP 85 T 12.53 ± 0.02 0.08 ± 0.05 −2.29 ± 0.04 3.45 ± 0.04 87 ± 7 4.6 5.34.1 MLM
A 117± 7
MSP 132 T 11.83 ± 0.02 0.10 ± 0.05 −2.13 ± 0.06 3.46 ± 0.06 72 ± 4 4.7 5.83.9 MLM
A 28 ± 4
NGC 2453 55 T 12.82 ± 0.05 0.15 ± 0.10 −1.64 ± 0.10 5.08 ± 0.20 64 ± 6 11.0 14.48.4 NM, $ < 0
MSP 57 T 11.71 ± 0.02 0.09 ± 0.05 −2.47 ± 0.06 3.59 ± 0.06 103± 5 1.2 1.21.1 NM
NGC 2453 16 T 12.11 ± 0.04 0.15 ± 0.09 −4.91 ± 0.04 4.10 ± 0.05 16 ± 2 1.3 1.31.2 NM
MSP 211 T 12.68 ± 0.03 0.15 ± 0.06 −2.35 ± 0.03 3.48 ± 0.04 18 ± 8 4.4 4.84.0 NM
2MASS J07473821-2710479 A 15.23 ± 0.06 0.25 ± 0.10 −2.39 ± 0.07 3.51 ± 0.08 72 ± 6 2.8 3.42.4
2MASS J07473390-2710060 A 15.36 ± 0.05 0.37 ± 0.10 −3.08 ± 0.09 2.98 ± 0.10 66 ± 15 3.4 4.52.7
MSP 52 A 14.24 ± 0.08 0.17 ± 0.20 −2.36 ± 0.04 3.35 ± 0.05 −11 ± 4 4.2 4.93.7
MSP 272 A 12.89 ± 0.03 0.25 ± 0.05 −1.08 ± 0.20 4.40 ± 0.20 −50 ± 9 0.9 1.00.8
MSP 76 A 12.91 ± 0.02 0.16 ± 0.04 −2.40 ± 0.03 3.48 ± 0.03 18 ± 3 4.1 4.43.7
MSP 141 A — — −2.36 ± 0.04 3.49 ± 0.05 44 ± 4 4.2 4.93.8
MSP 74 A 11.87 ± 0.03 0.21 ± 0.06 −2.36 ± 0.03 3.42 ± 0.05 103± 6 3.5 3.93.2
2MASS J07473034-2711464 A 14.68 ± 0.03 0.05 ± 0.05 −2.34 ± 0.09 3.83 ± 0.10 97 ± 5 2.02.31.8
A 70 ± 4
2MASS J07473176-2710057 A 14.58 ± 0.07 0.36 ± 0.20 −2.11 ± 0.06 3.50 ± 0.07 66 ± 6 3.64.33.1
MSP 204 A 14.18 ± 0.07 0.24 ± 0.20 −2.20 ± 0.05 3.38 ± 0.05 101 ± 5 4.24.93.7
MSP 223 A 14.06 ± 0.04 0.16 ± 0.08 −2.32 ± 0.04 3.36 ± 0.04 64 ± 4 3.74.13.3
MF54 - 10.44 ± 0.03 0.17 ± 0.06 −2.24 ± 0.20 3.47 ± 0.40 67 ± 14†† 4.26.52.9 $/σω=0.96
† Data from Gaia DR2.
‡ MLM: Most Likely Member; NM: Non Member.
†† Data from Moffat & Fitzgerald (1974)
Table 2. Derived parameters of the most likely members stars.
Star V (B − V) (U − B) Teff log g v · sin i
K dex km s−1
TYC 6548-790-1 10.47 2.08 1.73 — — —
MSP85 13.15 0.24 −0.40 17700 ± 200 3.92 ± 0.03 30
MSP111 12.66 0.31 −0.34 16700 ± 300 3.63 ± 0.06 90
MSP112 13.09 0.30 −0.33 16600 ± 300 3.79 ± 0.06 150
MSP126 12.99 0.25 −0.40 17800 ± 300 3.95 ± 0.06 20
MSP132 12.51 0.26 −0.40 16600 ± 200 3.90 ± 0.03 160
MSP159 12.79 0.24 −0.41 17700 ± 300 3.86 ± 0.06 40
obtained a slope of EU−B/EB−V = 0.78± 0.09, with EB−V = 0.42± 0.01.
This result agrees well with Turner (2012), who established localized
reddening laws described by EU−B/EB−V = 0.77 and RV = 2.9 for the
third galactic quadrant (Turner et al. 2014; Carraro et al. 2015), which
is adopted here. The resulting extinction is AV = 1.22 ± 0.03 mag.
This result, together with the distance derived in this work, fits the gen-
eral Galactic extinction pattern determined by Neckel & Klare (1980)
very well, even though the authors did not study the NGC 2453 region
(l=343◦, b=−1◦). According to their work, the Galactic region near the
cluster line-of-sight (l=342◦, b=0◦) has an extinction AV ≈ 1 up to
∼5 kpc, and it increases at a further distance to AV ≈ 2 at about 6 kpc
and beyond. In contrast, the next region closest to the cluster area (l =
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Fig. 5. CMDs and TCDs of NGC 2453. Left panels: The V-(B − V) CMD. Dashed and solid lines depict isochrones of 40 Myr and 50 Myr,
respectively, shifted in magnitude for a distance of 4.7 kpc. Right panels: (U − B)-(B−V) TCDs. Black and red lines depict intrinsic and reddened
isochrones, respectively, and the arrow shows the reddening direction. Bottom panels: Zoomed region of the upper panels around the MLM stars.
Light gray dots indicate the stars in the field along the line of sight of the cluster, black filled circles show the MLM stars, and open circles indicate
stars with proper motions within 2σ of the cluster. Black empty dots are stars with upper distance errors 63.5 kpc from Gaia DR2, and the star in
the square is MF54. PARSEC + COLIBRI isochrones from Marigo et al. (2017) have been fitted to MLM stars.
345◦, b = 0◦) shows an extinction AV ≈ 1.5 between 2 and 6 kpc, with
slight variations at both ∼3.5 and ∼5.0 kpc. These results seem to be
confirmed using the 3D map of interstellar dust reddening5 describe by
Green et al. (2018). The map shows a distance of d = 5.0 kpc for a
reddening of EB−V = 0.42 ± 0.03 in the same line of view of the cluster,
in great agreement with our results.
Eventually, with the distance and reddening found so far, we fitted
slow rotator MLM and bona-fide cluster stars in the CMD, with age as
5 http://argonaut.skymaps.info/
the only free parameter. We find that an age in the range τ ≈ 40−50 Myr
is the best solution, which accurately reproduces the observed sequence
of stars (see left panel of Fig. 5).
5. Discussion
5.1. Cluster parameters
Our estimates of reddening, distance, and age for NGC 2453 are com-
pared with literature results in Table 4. All previous studies were purely
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Table 3. Literature results for the RV of the PN NGC 2452 and the OC
NGC 2453.
PN NGC 2452
Literature RV (km s−1)
Wilson (1953) 68.0 ± 2.5
Meatheringham et al. (1988) 62.0 ± 2.8
Durand et al. (1998) 65 ± 3
Literature Average 65 ± 2
This Work 62 ± 2
OC NGC 2453
Literature RV (km s−1) Number of stars
Moffat & Fitzgerald (1974) 67 ± 14 1
Moni Bidin et al. (2014) 68 ± 4 2
This Work 78 ± 3 7
Table 4. Parameters estimated for NGC 2453
Reference E(B−V) τ (Myr) d (kpc)
Seggewiss (1971) 0.48 – 1.5
Moffat & Fitzgerald (1974) 0.47 ± 0.04 40 2.9 ± 0.5
Gathier et al. (1986) 0.49 ± 0.01 – 5.0 ± 0.6
Mallik et al. (1995) 0.47 25 5.9 ± 0.5
Moitinho et al. (2006) – 40 5.25
Hasan et al. (2008) 0.47 200 3.3
This Work 0.42 ± 0.01 40-50 4.7 ± 0.2
photometric, while we joined information from optical spectroscopy,
UBV photometry, and recent data from the Gaia mission.
The distance and age derived here are roughly compatible with
those found by Moitinho et al. (2006, 5.23 kpc and 40 Myr), but the
former is closer to the result of Gathier et al. (1986, d = 5.0 ± 0.6 kpc).
However, the reddening derived by Gathier et al. (and in general, all es-
timates in the literature) is ∼15% larger than ours. These authors based
their results on five stars previously classified as cluster members by
MF, namely NGC 2453 7, 8, 28, 30 and 45 (Gathier 1985). However,
Gaia distances for the stars 28 and 30 (1.11.21,1 kpc and 7.8
9.5
6.4 kpc, respec-
tively) disagree with the estimates of Gathier et al. (∼3.9 and 4.4 kpc,
respectively), and they are much larger than the average value for our
MLM stars. This suggests that some stars used in previous works to
constrain the cluster parameters may not have been cluster members.
Gathier found that the color excess EB−V of these two stars is the same
(∼ 0.51), in spite of the huge distance discrepancy reported by Gaia. On
the other hand, Mallik et al. (1995) showed that a reddening of 0.47, as
proposed by MF, produces reasonably good isochrone fits on the CMD.
However, our analysis shows that such high values accurately fit the
color of a group of stars that are displaced to redder colors than the rest
of the MS, possibly due to their fast rotation or to the presence of a cool
companion.
We indicated the evolved giant star MF54 observed by MF as an
empty square in Fig. 5, and as a black triangle in Fig. 4. These authors
classified MF54 as a cluster member based on its spectral class (B5V:k)
and a RV of 67 ± 14 km s−1. Its Gaia DR2 proper motion and distance
agree with the mean values obtained for the cluster (see Table 1), despite
the large error bars. However, the fractional parallax error is extremely
large (∼ 118%), and it contrasts with the typical errors for MLM stars
(. 25%), which produce less reliable distance measurements (Bailer-
Jones 2015). Due to the high uncertainties in the measurements, the
membership of MF54 is not completely clear, and therefore we did not
take it into account during the isochrone fit procedure. Similarly, the
red giant star TYC 6548-790-1 was also excluded from the fit. This star
could be variable (see MB14), and as a consequence its photometric
data may not be completely reliable. Mallik et al. (1995) showed that
 0.1
 1
 10
 0.1  1  10  100
S t
e l
l a
r  D
e n
s i t
y  
[ s t
a r s
 a r
c m
i n-
2 ]
r [arcmin]
Fig. 6. Radial density profile constructed for NGC 2453 using proper
motions from Gaia DR2. The radial distance of NGC 2452 is indicated
with an arrow. The full line shows the field level as the average of all
the points with r > 11′ .
the inclusion of one or both of these two stars during the isochrone
fitting procedure can change the cluster age from 15 to 40 Myr.
In Fig. 6 we analyze the radial density profile of the OC. Only stars
with proper motion within 3σ of the cluster value were selected. It is
clear that the cluster population dominates the background up to ap-
proximately r∼ 8′ − 10′.5. The angular distance between PN NGC 2452
and the center of the OC NGC 2453 is 8′.5, that is, within the coronal
extent of the OC.
5.2. Planetary nebula membership
Gathier et al. (1986) derived the reddening of the PN NGC 2452 as
EB−V = 0.43 ± 0.05, which is virtually the same found by us for the
cluster. Nevertheless, the reddening-distance method used by Gathier
et al. (1986) for the PN leads to a distance of dPN = 3.57 ± 0.47 kpc,
which is confirmed with the more modern dust map by Green et al.
(2018) (dPN = 3.70 kpc). Other authors adopted different methods, and
found even smaller values (see, e.g., Acker 1978; Maciel & Pottasch
1980; Daub 1982; Stanghellini et al. 2008).
Distance and proper motions from Gaia DR2 to PN NGC 2452 are
not particularly reliable (dPN = 2.43.41.8 kpc, µα=-2.5±0.2 mas yr−1 and
µδ=3.5±0.2 mas yr−1). Even though the central star for NGC 2452 was a
target of various photometric studies (e.g., Ciardullo & Bond 1996; Sil-
votti et al. 1996), and its coordinates match those from Gaia very well,
Kimeswenger & Barría (2018) restrict the identification to PNe with
photometric colors in the range −0.65 6 (bp − rp) 6 −0.25. Outside
this interval, Gaia DR2 cannot identify the central star correctly due to
contamination of the Hα+[NII] emission line of the PN envelope. The
color index for NGC 2452 is (bp−rp) = 0.07, which is highly reddened.
Therefore, any identification would most likely be incorrect.
Figure 7 shows that the RV of PN NGC 2452, along with the dis-
tance proposed by Gathier et al. (1986), closely match the distance–RV
profile of the Galaxy arm in the Puppis direction. The profile was ob-
tained assuming the rotation curve of Brand & Blitz (1993), the solar
peculiar motion of Schönrich et al. (2010), R = 8.0 ± 0.3 kpc, and
VLSR = 220± 20 km s−1. In contrast, the cluster NGC 2453 is consistent
in both RV and distance computed here to be just behind NGC 2452,
and possibly a member of the Perseus arm, as can be seen in Fig. 2 of
Moitinho et al. (2006).
6. Conclusions
We present the results of distance analyses solving the longstanding
discrepancy regarding the fundamental parameters of the OC NGC 2453
and the debated cluster membership of the PN NGC 2452, which were
likely affected by the selection of cluster stars contaminated by field
objects.
The study of RVs has often been required to confirm real PN/OC
associations (see, e.g., Mallik et al. 1995, Majaess et al. 2007, MB14).
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Fig. 7. Distance–RV plot in the direction of Puppis. The solid curve
shows our theoretical model based on Galactic rotation, with the dashed
curves used to indicate the 1σ propagation errors. Gray circles are clas-
sical Galactic Cepheids from Mel’nik et al. (2015) in the third quad-
rant with Galatic latitudes −2° < b < 2°, while triangles are bright
stars with available RVs from Gaia DR2 with 242.5° < l < 243.5° and
−1° < b < 1°. Squares with error bars show the position of NGC 2452
and NGC 2453.
When the RVs of the PN and the OC disagree, the membership is re-
jected (Kiss et al. 2008, MB14). The difference in RV between the PN
(62±1 km s−1) and the cluster (78±3 km s−1) is noticeable and highly
significant (∼ 5σ), excluding a physical association between them.
All photometric diagrams show the presence of a robust group of
foreground stars located at distances 63.5 kpc and contaminating the
cluster field. According to the theoretical distance–velocity profile of
the Galactic disk in the direction of Puppis, the RV we obtain for the PN
NGC 2452 is consistent with membership to this foreground population.
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